ABSTRACT: We examined spatial association between young-of-year (YoY) and older juvenile (Juv) American lobsters Homarus americanus across multiple spatial scales using 8 years (2001 to 2008) of field measurements of a long-term settlement index time series from New England, USA.
INTRODUCTION
Larval settlement of many marine benthic invertebrates marks the critical transition from a pelagic to a benthic habitat, as well as a dramatic shift in the scale of dispersal (Connell 1961 , Paine & Levin 1981 . Spatial patterns of recruitment to benthic habitats are determined by the interaction of biological and physical processes that operate over a broad spectrum of spatial scales (Scheltema 1986 , Roughgarden et al. 1988 , Etherington & Eggleston 2000 , Pineda et al. 2009 ). Because interpretation of patterns and processes evident at one scale may change when viewed from another (Butman 1987) , a comprehensive evaluation of recruitment mechanisms requires integration across multiple spatial scales (Hewitt et al. 1997 .
Benthic recruitment is typically defined as survival to a post-settlement stage (Connell 1985 , Menge 1992 . Processes that operate both before and after settlement influence survival to that point (Caley et al. 1996) because mortality at settlement and during the discrete stages that follow may ultimately define recruitment success. Pre-settlement processes operate for the duration of the planktonic stage and result from a combination of larval supply, transport, mortality, availability of suitable habitat, and behaviour (Butman 1987 , Pineda 2000 . Post-settlement processes can operate for the duration of benthic life and encompass a variety of physical and biological factors (Keough & Downes 1982 .
Passive larval transport by ocean currents can influence dispersal and recruitment dynamics at multiple spatial scales, from ocean basins to grains of sand (Scheltema 1986 , Snelgrove et al. 1993 ; see Pineda 2000 , Pineda et al. 2009 for reviews). Although larval vertical movements in the water column can sig ni ficantly influence the extent of passive horizontal transport (Kimmerer & McKinnon 1987 , Metaxas 2001 , Vikebø et al. 2005 , larval behaviour is typically believed to influence distribution patterns over smaller spatial scales (Butman 1987) . For example, habitat selection at fine scales can influence patterns related to shelter and substrate quality (Seed & Wood 1994 , Hunt & Scheibling 1997 .
Indeed, some species demonstrate a clear ability to discriminate between different habitats during larval or postlarval settlement (Butman et al. 1988 , Krug & Zimmer 2004 .
The American lobster Homarus americanus is one of the most important commercial species on the east coast of North America. This species exhibits a complex life history typical of most marine decapods. Release of larvae over a 3 mo period starts in May toward its southern geographic limit and extends as late as August at its northern limit (Aiken & Waddy 1980) . Larvae develop through 3 larval stages and a postlarval stage, the last of which settles to the seafloor (Lawton & Lavalli 1995) . Unlike the larvae, postlarval lobsters are relatively strong swimmers and actively seek pre-existing shelter, resulting in strong association between juvenile stages and structurally complex habitats, such as cobbles and boulders (Scarratt 1973 , Cooper & Uzmann 1980 , Wahle & Steneck 1992 . This association extends through their first year or two of life, likely in response to the threat of predation , distinguishing them behaviourally and ecologically from larger, less vulnerable lobsters. Juvenile lobsters of the genus Homarus commonly use structurally complex habitats as refuge because these habitats provide survival advantages that include protection from predation, adverse hydrographic conditions, and other physiological stressors (Howard & Nunny 1983 , Lavalli & Barshaw 1986 , Wahle & Steneck 1991 .
To the extent that consistent annual differences in larval supply influence overall settlement patterns, and noting limited early juvenile movement, the density of recent settlers is expected to correlate spatially with that of older conspecifics < 3 yr old. Given the dependence on cobble-boulder habitat for the first few years of life, settlement strength is a major determinant of older juvenile abundance in cobble nurseries (Wahle et al. 2004 (Wahle et al. , 2013 . Although juveniles outgrow this habitat dependence and emerge from nurseries after several years, the degree to which resident conspecifics promote or deter settlement of new cohorts remains unknown.
Larval behaviour at the time of settlement can optimize survival probability (Keough & Downes 1982 , Zimmer & Butman 2000 , Kingsford et al. 2002 , where larvae utilize settlement cues including odour, substrate type and complexity, as well as conspecific presence (Pawlik 1992 , O'Connor & Richardson 1998 , Head et al. 2004 , Dworjanyn & Pirozzi 2008 . The larvae of many benthic taxa are attracted to conspecifics at settlement, including echinoderms (Burke 1986 , Pearce & Scheibling 1990 , polychaetes (Jensen & Morse 1984 , Pawlik et al. 1991 , molluscs (Tamburri et al. 2007) , barnacles (Raimondi 1991) , and ascidians (Young 1988) . Positive responses to conspecifics can result in large mono-specific aggregations (reviewed by Burke 1986), though few studies have addressed aggregation during early recruitment in mobile marine species (but see Jensen 1989 for crabs). Pelagic postlarval lobsters can orient swimming toward adult odour (Boudreau et al. 1993 ), but conspecific attraction in American lobster has otherwise received little attention. Generally, clawed lobsters are asocial and do not share shelters (Childress & Herrnkind 2001) . However, settling postlarval lobster could benefit from the use of cues from conspecifics to guide them to favourable habitat. In contrast, settlement among conspecifics could negatively impact new recruit survival by enhancing intra-specific competition or cannibalism (Pechenik 1999 , Moksnes 2004 .
The American lobster settlement index is a longterm time series of young-of-year (YoY) lobster recruitment to coastal nurseries. The index has been collected over a broad spatial scale in New England, USA, and provides a powerful resource to evaluate settlement patterns and suggest mechanisms that may influence recruitment dynamics in this species (e.g. Wahle et al. 2013) . In a related study, we showed a strong correlation between lobster settlement and the occurrence of older juveniles in collectors and suction samples over scales of 1 to 10 km (Wahle et al. 2013) . Here, we expand on that work to identify the underlying mechanisms and relevant spatial scales driving that correlation. Specifically, we address whether YoY density depends on the resident population of older conspecifics by utilizing a multi-pronged approach in which we (1) evaluate the relationship between YoY and older juvenile (Juv) lobsters using 8 years (2001 to 2008) of the American lobster settlement index time series, analyzed at 3 spatial scales of data aggregation, and (2) present laboratory experiments that investigate behavioural responses of postlarval lobsters to the presence of older juvenile conspecifics.
MATERIALS AND METHODS

Field settlement time series
To evaluate the relationship between YoY and Juv density, we used data from the American lobster settlement index, a long-term, diver-based survey of lobster recruitment conducted in New England and Atlantic Canada (Fig. 1) . SCUBA-based suction sampling surveys, conducted annually since 1989 in cobble-boulder nursery habitat <10 m below mean low water at the end of the settlement season, span from late August in the southern regions to late October in the north (Incze & Wahle 1991 . Although, strictly speaking, these data measure re cruitment rather than settlement, the difference between recruitment and cumulative settlement has been shown to be negligible in the American lobster because post-settlement mortality rates are relatively low in areas of suitable habitat , Palma et al. 1998 . Sampling sites were arranged in a nested design, in which 12 to 18 quadrats were sampled within 3 to 15 sites within 11 regions. Quadrat samples were separated by a few metres, whereas sites were separated by 1 to 10 km and regions by >100 km. Sampling times at each location were sufficiently late in the season to ensure no significant additional settlement was likely. While we returned to Grey line denotes 100 m isobath and re-sampled the same regions and sites in consecutive years, specific quadrat locations varied and were spatially indepen dent. Divers selected quadrat locations (0.5 m 2 area) with a minimum of 50% cobble-boulder cover. All lobsters enumerated in qua drats were measured (carapace length to the nearest 0.1 mm). The settlement index represents the density of YoY lobsters in the population at the time samples were collected (Wahle et al. 2004 ). Whereas precise aging of lobsters is an area of ongoing research (Wahle et al. 1996 , Sheehy et al. 1999 , longterm sampling in each study region has shown that YoY are distinguishable as a well-established mode in the size-frequency distribution (Incze & Wahle 1991 , Wahle et al. 2001 , 2004 . Based on these size parameters, we defined lobsters as either YoY or Juv (Table 1) .
Analysis
We investigated the relationship between YoY and Juv density (individuals per 0.5 m 2 ) at 3 spatial scales (region, site, quadrat) over an 8 yr segment of the 20 yr time series (2001 to 2008) . Although sampling began as early as 1989 in some regions, it started as late as 2001 in others; we therefore used a time block common to all regions. We excluded any regions not sampled every year and also excluded those regions where we sampled < 3 sites in any of the 8 years. Prior to analysis, we square-root transformed raw count data per quadrat to normalize the data and stabilize the variance.
As an initial assessment of the relative importance of conspecific effects on YoY recruitment in the context of spatial and temporal variability, we used a GLM nested mixed-model ANCOVA in which we nested Site within Region (both random effects) and treated Year as a fixed-effect factor with 8 levels (2001 to 2008) . Juv was a covariate in the analysis. We treated Region and Site, the latter hereafter denoted Site [Region] , as random effects be cause they represent a small, random subset of possible regions and sites we could have considered and because we wanted to generalize our results to the relevant spatial scales rather than to specific sites and areas. Year was treated as a fixed effect because it included all years within the time frame of interest. We conducted a variance component analysis (VCA) to determine the proportion of variance associated with the 3 different spatial scales (Region, Site [Region], Quadrat). Secondly, we used regression analyses to evaluate the YoY to Juv relationship at 2 spatial scales: (1) data aggregated by region and (2) a separate analysis for each region with site as the sample unit. We used a Type II regression for these comparisons because both the dependent and independent variables were measured with error.
To evaluate the association between YoY and Juv at the quadrat scale, we devised an index of association (IA), which reflects the degree to which YoY associate with Juv (i.e. found in the same quadrat) within each site, relative to the expected behaviour if they settled independently of juveniles. We reasoned that this index provides a useful indication of postlarval choice, rather than larval supply, because variability in larval supply is unlikely to match variability in juvenile abundance at the quadrat scale and particularly unlikely to do so consistently across years and sites. Variability in larval supply is therefore unlikely to match juvenile distribution at the quadrat scale without behavioural contributions. For each site, we first reasoned that if YoY settlement was independent of Juv presence, we would expect that quadrats with and without juveniles would have the same pro bability of harbouring YoY. We calculated the difference between the observed and ex pec ted percentage of YoY associated with Juv (observed−ex pected) as the IA for that site, where the expected percentage was simply the percentage of quadrats that contained at least 1 juvenile. 
Behavioural experiments
Juvenile lobster (20 to 30 mm) were collected in mid-coast Maine by SCUBA divers and held in flowthrough aquaria at the University of Maine's Darling Marine Centre, Walpole, Maine. Lobsters were fed a diet of frozen shrimp every other day. Postlarval lobsters were obtained from the Zone C lobster hatchery in Stonington, Maine, and transported to the Darling Marine Centre. Postlarvae were maintained individually in 5 cm diameter × 10 cm long cylindrical containers in flow-through aquaria with filtered (20 µm) ambient seawater. Postlarvae were fed frozen brine shrimp once daily. Water temperature and salinity were recorded daily and fluctuated between 16 and 18°C and 28 and 30, respectively.
To evaluate the settlement response of postlarvae to the presence of juveniles, we conducted 2 sets of experiments, termed 'short term' and 'long term', in clear plastic 26 l aquaria with a sand-covered bottom. We used sand instead of cobble substrate to increase postlarval exploration behaviour and assess how the latter is affected by the presence of juveniles; in laboratory settings, competent postlarvae tend to settle rapidly if cobble substrate is available. Settlement and metamorphosis in the American lobster are separate events; Stage III larval lobster moult and metamorphose into postlarval lobster, which only become competent to settle approximately halfway through the postlarval stage. In both types of experiments, we observed bottom-searching behaviour of individual postlarvae in the presence or absence of juveniles. In short-term experiments, we evaluated bottom-searching behaviour as the proportion of time, over a 4 min period, that individual larvae spent near the bottom, starting immediately following their introduction to the aquarium. In the long-term experiments, we observed bottom-searching behaviour for a 2 min period every 6 h over a 24 h period and then estimated for each observation period the proportion of postlarvae that spent most of their time near the bottom. Experiments were completed between August and September 2008.
In total, we completed 47 replicates of the treatment with juveniles present and 48 control trials where juveniles were absent for both the short-term and the long-term experiments. Postlarvae were obtained from the hatchery by combining a mixture of several mothers' broods, which we distributed haphazardly into experimental treatments. Temperature ranged from 18 to 20°C as recorded at the beginning and end of each trial.
We initially tested homogeneity of replicates within each treatment using 2-way models with Replicate and Treatment as factors, to determine whether re plicates could be pooled (Sokal & Rohlf 1981) . A trial represents a set of experiments on one particular day, and a batch represents a group of postlarvae ob tained from the hatchery at the same time. Treatments were randomly assigned to trials, and because each batch of larvae mixed multiple broods, we considered them unbiased. We randomized the se quence of experimental replicates, conducting 8 re plicates simultaneously during a trial. We calculated the proportion of postlarvae that settled in the presence of older conspecifics by dividing the number of settled postlarvae by the total number of replicates for each treatment. For short-term experiments, we evaluated (1) the proportion of time spent on the bottom for each trial, (2) the time until the initial dive, and (3) the total number of dives to the bottom. We conducted separate ana lyses for each of these variables using a t-test with equal variance. For long-term experiments, we examined the effect of the presence of conspecific juveniles on postlarval settlement (dependent variable) using a binary logistic regression with Treatment (2 levels: Juv presence vs. absence), Time (5 levels: 0, 6, 12, 18, and 24 h), and their interaction (Treatment × Time) as factors.
RESULTS
Field settlement time series
As might be expected, the factors Year, Region, and Site [Region] all explained significant variability in YoY density ( Table 2 ). The significant 3-way interaction between Juv density, Region, and Year indicated that covariate and main effects could not be interpreted independently of one another ( Table 2) . The highly significant model covariate also indicated strong association between YoY density and Juv density ( (Table 3) . We observed similar variability in YoY density among Regions and Sites [Regions] .
Separate regression analyses clearly indicated why the ANCOVA interaction was significant, in that the relationship between Juv density and YoY density differed markedly among years for the 8 study regions. When aggregating data by region, regression analyses showed that YoY recruitment strongly associated with Juv densities for all 8 years of the analysis (Fig. 2) . Regional averages of YoY density ranged from 0 to 1.1 individuals per 0.5 m 2 , whereas Juv density ranged from 0.02 to 2.8 individuals per 0.5 m 2 . Consistently high densities of both YoY and Juv in the mid-coast Maine region contrasted Buzzards Bay, where densities were consistently among the lowest observed (R. A. Wahle un publ. data).
Disaggregating the data to examine among-site variability revealed a similarly strong positive association between YoY and Juv across all study sites (Fig. 3) , although the relationship was less consistent when examined separately for each region (Table 4) . For example, in mid-coast Maine, YoY significantly associated with Juv lobsters in all years except 2006. Similarly, the association was significant for 6 of 8 years in the Casco Bay region, which neighbours the mid-coast region. In contrast, we observed fewer significant associations for the 2 more northern regions (only 2 out of 8 years in both cases) as well as the 4 more southerly regions (between 1 and 4 years for the York region).
Analysis of the site-specific IA showed that the mean IA across sites was significantly greater than 0 when pooling all 8 years of data (Table 5 ) and also in 6 of 8 years when we analysed years separately (Fig. 4, Table 5 ). These results indicate that YoY positively associated with Juv lobsters at the quadrat scale within sites.
Behavioural experiments
During the 4 min observations of the short-term experiment, postlarvae spent significantly more time on the bottom of the aquarium in the presence than in the absence of conspecific juveniles (t 94 = 2.36, p = 0.01, Fig. 5 In the long-term experiment (Fig. 6, Table 6 ), settle ment by postlarvae was significantly affected by time (p < 0.001), increasing markedly over the first 6 h of the experiment and then remaining more or less stable over the remaining 18 h. However, settlement was not significantly affected by Treatment (p = 0.41) or by the Time × Treatment interaction (p = 0.18).
DISCUSSION
The long-term settlement index demonstrates strong positive relationships between YoY and Juv densities at scales of metres (quadrats) to hundreds of kilometres (among regions). Potential me chanisms to account for high correlations between YoY recruitment and established benthic conspecifics vary, depending on scale. Multi-scale assessment of re cruitment patterns offers a powerful tool for understanding the processes that influence those mechanisms. At large spatial scales, positive relationships between YoY and Juv most likely arise from physical processes, such as consistent circulationdriven differences in larval supply , Incze & Naimie 2000 , Xue et al. 2008 . The importance of oceanography as a driver of recruitment patterns has been well documented over the last century in that environmental factors, such as offshore advection, can have significant impact on recruitment patterns (Bailey 1981, Roughgarden et al. 1988) . Nonetheless, behavioural mechanisms, such as active behavioural selection for suitable habitat (Butman 1987) and attraction to conspecifics (Burke 1986), be come increa singly important at smaller spatial scales.
The highly significant ANCOVA model covariate strongly indicates that YoY density strongly correlates with Juv density. We therefore examined this association further at different spatial scales and developed an ap proach to test for potential effects of behavioural processes at small spatial scales.
Multiple studies document the importance of larval supply in determining settlement variation among sites, but large-scale environmental effects confound our ability to evaluate the significance of small-scale mechanisms, particularly behavioural effects (Bertness et al. 1992) . Furthermore, the significance of density-dependent interactions (i.e. cannibalism and competition) are likely more prevalent in areas with a greater larval supply (Roughgarden et al. 1988) . Topographically mediated ocean processes can influence patterns of variation at meso-scales of 1 to 10 km (e.g. upwelling or onshore/offshore winds) (Ebert & Russel 1988 , Archambault & Bourget 1999 , Palma et al. 2006 , as can suitability of benthic habitat (Moksnes et al. 1997) . These factors influence both larval supply (Pile et al. 1996) and successful settlement (Pile et al. 1996 , Pineda et al. 2009 ). For related consistent annual differences in lobster recruitment on 2 sides of a small island (4 km long) to wind-driven circulation. Over time, spatial differences in the population density within cohorts disappeared, presumably because as individuals in a cohort aged, they became increasingly mobile and effectively decoupled the settler-to-recruit spatial relationship.
In our study, YoY significantly associated with Juv for the mid-coast region for all years except 2006, although results were generally non-significant for the more southern Buzzards Bay region. Low recruitment may explain some of the non-significant associations between YoY and Juv densities. For example, the typically strong mid-coast recruitment (highest regional average in 6 out of 8 years) contrasted the relatively low recruitment in Buzzard's Bay (lowest regional average in all years) (R. A. Wahle unpubl. data), and poor recruitment (~50% less than its 8 yr average) marked the one year in which the mid-coast result was non-significant (2006). Average annual recruitment at each site fluctuated between 0.38 and 1.12 individuals per 0.5 m 2 and between 0 and 0.06 individuals per 0.5 m 2 , respectively. At smaller scales, the American lobster is a useful model organism to examine the influence of potential attractants on postlarval settlement because ben thic juveniles remain within structurally complex nurseries for the first few years of life (Incze & Wahle 1991 , Cowan et al. 2001 , Wahle 2003 . The qua drat-scale analysis of the YoY-to-Juv relationship indicated po tentially important associations be tween juvenile and YoY lobster at very small spatial scales that largescale hydrodynamic processes cannot explain. The VCA shows that the largest variance in settler density across the 3 spatial scales occurred at the quadrat level. This pattern points to the importance of small-scale processes, although further analyses will be necessary to determine how much of this variability is deterministic versus stochastic. Nevertheless, the IA developed here does provide a mechanism to assess whether the association be tween YoY and Juv at small spatial scales is greater than expected by chance.
Postlarval lobsters were more likely to settle in quadrats with at least 1 conspecific juvenile than in quadrats with none, either when data from all years were analysed together or for 6 of 8 years when analysed separately. These analyses reflect associations at the scale of metres to 10s of metres because we derived each datum by contrasting the distribution of settlers with that of juveniles across quadrats within a site. This intra-site, quadrat-level association most likely results from postlarval behavioural decisions rather than hy dro dynamic processes because va ri ability in supply at the quadrat scale differs greatly across years and juvenile mo vement on the seafloor un doubtedly modifies qua drat-scale patterns established at settlement. Interestingly, the number of sites with settlers that were excluded from these analyses because they had no juveniles was very low (0 to 4% of all sites in different years), indicating that the association we re port not only reveals small-scale be havioural processes but also speaks to largescale patterns of association of settlers with juveniles, as the vast majority of sites that had settlers also had juveniles. The number of sites excluded because of the ab sence of settlers in our qua drats was higher, both in the absence (1.9 to 14%) and presence (5.7 to 22%) of juveniles, suggesting YoY do not settle in all areas where adequate substrate occurs and that in any given year certain areas harbouring juveniles do not receive a new supply of postlarvae. The association be tween juvenile and settler densities at the quadrat scale may result from postlarval at traction to conspecifics or some other aspect of the habitat. While additional field surveys at small spatial sca les with YoY and Juv lobsters may reveal whether settler and juvenile densities correlate strongly with particular habitat features in different quadrats, experimental studies (in the lab or the field) will ultimately be necessary to elucidate the mechanism underlying the Table 5 . One-sample t-test to determine whether the observed mean index of association ( Table 5 for statistical summaries) association be tween YoY and Juv lobsters at these small spatial scales. Short-term laboratory experiments showed that postlarvae spent significantly more time on the bottom of aquaria in the presence of juveniles, supporting our interpretation of the quadrat-scale field result that behaviour contributes to this relationship. Conspecific attraction is consistent with laboratory observations of swimming postlarvae orienting toward conspecific odour plumes (Boudreau et al. 1993) . Positive response to and settlement near conspecifics could provide a mechanism to locate suitable habitat (sea urchins: Tegner & Dayton 1977 , barnacles: Crisp 1985 , Jeffery 2000 , crab: Gebauer et al. 2002 , Vadas & Elner 2003 , and reduced search time at the time of settlement may provide a post-settlement fitness benefit (Fletcher 2006) . Conspecifics influenced postlarval recruitment of gregarious spiny lobster Panulirus argus (Zito-Livingston & Childress 2009 ), either as a result of reduced duration of the planktonic phase because postlarvae use conspecific odours to quickly locate a shelter or through higher survival probability of aggregations of juveniles that may be less vulnerable to predation (Estrella & McKiernan 1989 , Briones-Fourzán & Lozano-Alvarez 2008 .
Given that our long-term behavioural experiments did not show a significant difference between treatments, it is possible that other aspects of the habitat in the experimental tanks were not suitable for postlarvae to remain on the bottom. In natural environments, determining a suitable settlement location probably depends on multiple sensory cues. A hierarchy of cues may be necessary for settlement and final establishment in nursery habitat (Kingsford et al. 2002 , Ettinger-Epstein et al. 2008 ). In the context of our results, the presence of juveniles may induce or intensify postlarval searching behaviour, but if suitable habitat is absent, larvae may delay settlement. Thus, behavioural experiments that simultaneously offer conspecifics and suitable cobble habitat might yield a more persistent settlement response. Latestage megalopae of the crab Chasmagnathus granulata accelerated metamorphosis significantly when Table 6 Table 6 . Logistic regression from long-term experiment to determine the effect of the presence of juveniles on postlarval settlement simultaneously exposed to natural mud and conspecific odour than when exposed to either cue in isolation (Gebauer et al. 1998) . The possibility that postlarval Homarus americanus may also respond positively to conspecifics is surprising given that clawed lobsters are not generally gregarious. For species susceptible to cannibalism or increased competition, these risks must outweigh the risk of arriving in unfavourable habitat (Donahue 2006) . While cannibalism is known to occur in laboratory conditions for the American lobster, its significance for recruitment dynamics re mains poorly understood (Wahle et al. 2001 , Wahle 2003 . Field enclosure experiments with densities representative of the high end of the naturally observed range suggest a negligible impact of older conspecifics on YoY growth or survival (Wahle et al. 2001) .
Our study highlights the importance of addressing ecological questions at multiple scales to tease apart patterns and processes governing recruitment (Butman 1987). Our quadrat-level correlation supports the importance of behaviour over large-scale spatial processes in causing spatial patterns of recruitment. In particular, it suggests that postlarvae respond to settlement cues that may include conspecific juveniles, a suggestion which our lab ex periments support, or at least seek similar microhabitats as conspecific juveniles. This question warrants further investigation, such as settlement experiments that manipulate conspecific cues and substrate characteristics for various stages of settling postlarvae.
The costs and benefits of settling among conspecifics warrants further investigation to determine the degree to which habitat selection choices may be based on a combination of positive and negative interactions, the degree to which these interactions are density dependent (Hunt & Scheibling 1997) , and how patch size might influence these cues (Fletcher 2006) . Whereas mobile species can potentially 'reverse' a settlement decision, there is little information on the extent of post-settlement movement to 'correct' for settlement mistakes.
SUMMARY
Our study uses a multi-scale approach that pairs lab and field experiments to investigate the interaction of processes that function at different spatial scales and the degree to which recruitment reflects these processes. Hydrographic conditions likely set larval supply at large spatial scales; however, our re sults show that behavioural responses to some habitat-quality cue, potentially conspecifics, may ope rate at the finest scales. The behavioural experiments reported here, in combination with the quadrat-scale results from the long-term data set, suggest that juvenile presence may help to explain spatial variability in recruitment of the American lobster, des pite potentially negative effects that lobsters may have on each other after settlement. An understanding of how organisms interpret and respond to multiple, sometimes conflicting cues, such as conspecific effects in combination with variable sheltering quality, may provide more insight into the behavioural mechanisms by which postlarvae search for and select suitable habitat. 
